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Abstract

Pollen analysis of a Lower Miocene succession from the Rubielos de Mora Basin (NE Spain) has been carried out with the aim
of reconstructing the flora, vegetation and climatic changes. Previous paleobotanical studies on these sedimentary rocks and
adjacent areas interpreted very diverse climates for the Early Miocene: from humid temperate to dry subtropical. In this study, a
rich thermophilous pollen spectrum and a diverse subarid flora including Nitraria, Caesalpiniaceae, Ephedra and Acacia,
indicative of a dry subtropical climate are identified. On the other hand, mesothermic taxa with high water requirements are also
abundant. Therefore, the pollen assemblages evidence the juxtaposition of very contrasted environments: the presence of
subdesertic taxa, typical of plants growing in the lowlands and conditioned by a long warm, dry season, together with others with
very high water requirements, needing constant water. This can be explained by the presence of the Rubielos de Mora Lake
providing local conditions for developing riparian forests. The vegetation was clearly controlled by the water availability under a
subtropical and dry-seasonal climate. Pollen changes along the succession, which coincide with sedimentological changes, are
related to climatic variations. Alternation in pollen taxa (thermophilous–dry vs. mesothermic–riparian) reflects the influence of the
cyclicity of temperature and precipitation on the lake level and vegetation.
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1. Introduction

The lacustrine sediments in the Rubielos de Mora
Basin show a distinct oxic–anoxic cyclicity together
with finer scale cyclicity within the laminated anoxic
sediments (rhythmites) (Anadón et al., 1988a). They
bear a very well-preserved and rich fossil fauna, which
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include rodents, amphibians, crustaceans, insects and
arachnida that have been extensively studied (Crusa-
font-Pairó et al., 1966; de Bruijn and Moltzer, 1974;
Martínez-Delclòs et al., 1991; Montoya et al., 1996;
Montoya, 2002; Peñalver et al., 2002; Peñalver and
Martínez-Delclòs, 2003). The laminated lacustrine
mudstones also consist of abundant vegetal remains.
Preliminary studies of the micro- and macrofloras have
been carried out in several outcrops throughout the basin
(Fernández Marrón and Alvarez Ramis, 1988; Alvarez
Ramis and Fernández Marrón, 1994; Barrón and
Sansisteban, 1999; Roiron et al., 1999; Rubio et al.,
2003). They show vegetation dominated by mesother-
mic and riparian plants, thus they interpret a humid
temperate climate during the Early Miocene for NE
Spain. This interpretation conflicts with other studies on
microfloras and macrofloras from adjacent areas where
several very warm and subdesertic taxa of the family
Caesalpiniaceae (Banksia, Caesalpinia, Cassia), Mimo-
saceae (Acacia, Mimosa) and Proteaceae (Grevillea,
Protea) have been identified (Bessedik, 1985; Sanz de
Siria Catalán, 1993). Therefore, the Early Miocene
vegetation and climate of northeastern Spain still remain
unclear and need to be clarified.

A 386.5 m long core (Rubielos de Mora-1) was
drilled in the western part of the basin, which allowed
for high-resolution sampling for pollen analysis of the
complete sedimentary sequence. Botanical taxonomy
and quantitative analysis of the pollen data have been
used here to reconstruct the flora, vegetation, and
climate in NE Spain during the Early Miocene. This
study will also determine whether the cyclicity previ-
Fig. 1. Location of the Rubielos de Mora Basin and main structural units in NE
Mora Basin fill into lower, middle and upper units (modified from Anadón et
localities within the upper unit is indicated (bones).
ously described in sedimentological studies is mainly
caused by climatic changes.

2. Rubielos de Mora Basin

The Rubielos de Mora Basin is located in the eastern
Iberian Chain, in the southernmost part of the linking
zone between this chain and the Catalan Coastal Ranges
(Fig. 1). The Mesozoic cover of this area was affected by
Neogene normal faults (Fig. 1). The approximately
10 km long and 3 km wide basin has an ENE–WSW
orientation and displays structural asymmetry (Fig. 1),
which is the result of enhanced sudsidence in the
southern part of the margin. The subsidence led to the
development of a relatively deep lacustrine system
where anoxic bottom water conditions prevailed, which
favored the preservation of fossils and organic-rich
sediments (Anadón et al., 1989). The presence of two
mammal sites in the upper part of the sedimentary
sequence permitted the dating of the basin-fill as Early
Miocene (Ramblian–Aragonian boundary) (de Bruijn
and Moltzer, 1974; Crusafont-Pairó et al., 1966;
Montoya et al., 1996). One of the fossil sites, the
mammal locality of Rubielos de Mora-2 of local
Ramblian age, is located close to the studied drilling site.

The basin-fill comprises an 800 m thick sequence of
fluvial and lacustrine sediments (Fig. 1) (Anadón et al.,
1988b). Three stratigraphic units have been distin-
guished and described by Anadón et al. (1988a,b, 1989):

Lower unit. It is made up of a 300m thick sequence of
sandstones interbedded with mudstones and some
Spain (left). Tripartite lithostratigraphic subdivision of the Rubielos de
al., 1988b). The approximate stratigraphic position of the two mammal
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conglomerates of reddish–yellowish color. They have
a fluvial origin and discordantly overlay Cretaceous
sediments (“Weald” and “Utrillas” facies).
Middle unit. It comprises a 100 m thick unit of mainly
lacustrine sediments. Lignites are abundant in the
eastern part of the basin, while fluviatile sediments
dominate in the western part. This unit represents an
early stage in the development of the lake in the basin.
Upper unit. This unit is up to 400 m thick and mainly
consists of open lacustrine sediments. In the western
part, lacustrine facies are characterized by oxic–anoxic
cyclical sequences of massive mudstones (oxic facies)
and dark laminated mudstones (anoxic facies) (Fig. 2).
Each cycle is about 0.6–9 m thick and is the product of
the alternating periods between anoxic and oxic lake
bottom conditions (Anadón et al., 1988a) (Fig. 2).

The laminated (anoxic) facies, comprising sandy
mudstones, mudstones with bioclastic lamination, oil-
shales, rhythmites and marls, were deposited during high
lake level stages, when the lake was permanently stratified
(meromictic lake) and the lake bottom was anoxic (Fig. 2).
At that time lake sediments were produced at a very slow
rate and contained a high abundance of organic matter.
Changes in the lake level, mainly produced by cyclical
water influxes, would produce the generation of rhyth-
mites, which are characterized by the alternation of
precipitated calcareous (mainly calcite and aragonite) and
terrigenous (marls) laminae (Anadón et al., 1988a) (Fig. 2).

Subsequent drop in the water level and oxycline were
most likely due to an increase in evaporation related to a
warming of the climate. This period is marked by green-
Fig. 2. Main sedimentological features and interpretation of an ideal cycle b
Rubielos de Mora Basin (modified from Anadón et al., 1988a).
grey massive claystones (marls) rich in carbonates
which are mainly low in magnesium calcite and
dolomite. Evaporative concentration was probably
linked to the increase in the evaporation which
generated alkaline conditions in the lake waters
(Anadón et al., 1988a). Bioturbation by roots is common
within these marls. Lack of evaporitic saline or
desiccation features imply permanent lake conditions.

A significant water influx started a new depositional
cycle in which the lake-water volume was increased and
traction currents produced a new detrital/terrigenous
facies (Fig. 2). During this lacustrine transgression, the
water in the lake was again stratified and resultant
laminated facies developed, etc.

The mega-sequential sedimentological organization
in this basin, characterized by the superposition of the
three units, indicates the steps in the development of a
lake. The deepening trend was mainly influenced by
synsedimentary tectonics (Anadón et al., 1989). Anadón
et al. (1988a) interpreted the two observed cycles within
the upper unit as a product of climatic changes, forced
by precession (oxic–anoxic cycles) and climate season-
ality (rhythmites), independent of tectonics.

3. Materials and methods

3.1. Borehole Rubielos de Mora-1

The 386.5 m long core was drilled close to the village
of Rubielos de Mora (40° 10′60N; 0° 39′0W) (Fig. 1).
The three main lithological units, as described by
Anadón et al. (1988a), were drilled (see description
etween anoxic and oxic bottom conditions in the western part of the



Fig. 3. Geological log of the studied part of the Rubielos de Mora-1
core showing the three main depositional units from Anadón et al.
(1988b). Positions of the studied samples are indicated by crosses.
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above and Fig. 3). The borehole is located in the western
part of the asymmetric basin where the upper unit is
characterized by an abundance of laminated to massive
lacustrine mudstone cycles (Fig. 3).

3.2. Pollen sampling and processing

The palynomorph-rich samples (80 in total) of this
study come principally from the lacustrine facies of the
upper unit (Fig. 3). Conglomerates, sandstones or
reddish claystones from the lower and middle units
were not sampled because palynomorphs do not usually
preserve under oxidizing conditions.

In the chemical treatment, only 15–20 g of sediment
were used. The samples were processed with cold HCl
(35%) and HF (70%), removing carbonates and
silicates. Separation of the palynomophs from the
remaining residue was carried out using ZnCl2 (densi-
ty=2). Sieving was done using a 10 μm nylon sieve.
The pollen residue, together with glycerin, was prepared
on slides. A transmitted light microscope, using ×250
and ×1000 (oil immersion) magnifications, was used for
identification and counting of palynomorphs. Even
though palynomorphs are very abundant in the sedi-
ments, spores have not been considered due to their poor
presence.

The identification of the pollen grains was done by
comparing the fossils with their present-day relatives
using the pollen identification key of Faegri and Iversen
(1989), the photograph collection stored in the laboratory
of Lyon, several pollen atlases (China, Taiwan, Africa,
North America, Mediterranean Region, etc.) and the
Photopal website (http://medias.obs-mip.fr/photopal). A
minimum of 150 terrestrial pollen grains, Pinus and
indeterminable Pinaceae excluded, were counted in each
analyzed sample (Cour, 1974).

A detailed pollen diagram (Fig. 4) and two standard
synthetic diagrams (Suc, 1984) with, and without
Pinus and indeterminable Pinaceae, have been plotted
(Fig. 5). In these latter diagrams, taxa have been grou-
ped into 9 different groups based on ecological criteria
(Nix, 1982; Appendix A) in order to clearly visualize
the composition of the past vegetation. Complete pollen
data will be available on the web in the “Cenozoic
Pollen and Climatic values” database (CPC) (http://cpc.
mediasfrance.org).

3.3. Temperature reconstruction

Temperatures were reconstructed from pollen data
using the “Climatic Amplitude Method” (Fauquette
et al., 1998a,b). This method has been applied to many

http://medias.obs-mip.fr/photopal
http://cpc.mediasfrance.org
http://cpc.mediasfrance.org
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Fig. 5. Comparison between the geological log, the pollen synthetic diagram with and without Pinus and indeterminable Pinaceae, the synthetic
diagram thermophilous elements vs. mesothermic elements and the abundance of Botryococcus (algae) in the lacustrine facies (uppermost part) of the
core Rubielos de Mora-1. Shaded areas represent coincidences between the massive clays with high percentages of thermophilous elements. Dashed
lines highlight levels in which Pinus, indeterminable Pinaceae and Botryococcus are very abundant. The counts of Botryococcus resulted while
counting 150 terrestrial pollen grains (Pinus and Pinaceae excluded).
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pollen sequences of the western Mediterranean area
(Fauquette et al., 1998a, 1999; Fauquette and Bertini,
2003; Jiménez-Moreno et al., 2005; Fauquette et al.,
2006) and will allow the temperatures in NE Spain to be
estimated for the Early Miocene period. The “Climatic
Amplitude Method” is a technique in which the past
climate is estimated by transposing the climatic
requirements of the maximum number of modern taxa
to the fossil data. The low latitude/altitude taxa were
separated from the high latitude/altitude taxa and used in
the reconstruction process. The estimates obtained,
therefore, correspond to the temperatures at low to
middle–low altitude, as described in Fauquette et al.
(1998a). The pollen grains of Pinus and indeterminable
Pinaceae have been excluded from the pollen sum as
they are, in some cases, overrepresented.

The results are proposed as temperature intervals and
a “most likely value” corresponding to a weighted mean
for three temperature parameters: (1) mean annual
temperature (Ta); (2) mean temperature of the coldest
months (Tc) and (3) mean temperature of the warmest
months (Tw).

4. Pollen results

Generally, samples were diverse, containingmore than
30 different taxa per sample and identifying a total of
122 taxa (Fig. 4). The abundant pollen spectra analyzed in
this core indicate a flora dominated by mesothermic
riparian plants where Carya and Zelkova are the most
abundant but Salix, Liquidambar, Celtis, Carpinus, and
Carpinus orientalis, are also present (Fig. 4). Parrotia
cf. persica and Castanea–Castanopsis type are frequent
in most of the samples. The thermophilous elements
(mega- and mega-mesothermic elements) are very abun-
dant in some samples and are represented mainly by
Engelhardia, Platycarya, Mussaenda type (Rubiaceae),
Hamamelidaceae, Corylopsis, Distylium, Caesalpinia-
ceae, Bombax, Nitraria, Sapotaceae, Arecaceae, Celas-
traceae, Acacia (Mimosaceae), etc. The group of herbs is
relatively important in the pollen sum and is mainly made
up of Poaceae, Plantago, Amaranthaceae–Chenopodia-
ceae, Urticaceae, and aquatic plants such as Typha, Apia-
ceae or Potamogeton (Fig. 4). Non-significant elements
(mainly Rosaceae) and Cupressaceae are sometimes
frequent. Micro- and meso-microthermic elements (alti-
tude elements such as Cathaya, Tsuga, and Picea) are
very scarce.

Pinus and indeterminable Pinaceae are overrepre-
sented in some of the samples because of their prolific
production and the advantage they have in air and water
transport as well as in preservation. They vary
considerably along the core (Fig. 5) with percentages
from 1% to 100% of the total pollen sum. The same
behavior is observed with respect to the algae Botryo-
coccus. When Pinus and indeterminable Pinaceae are
very abundant, Botryococcus is abundant as well and,
similarly, when Pinus and indeterminable Pinaceae are
very scarce, Botryococcus is only found in very small
quantities (Fig. 5).
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4.1. Pollen changes

Three different scales of vegetation changes have
been observed along the core:

(1) Large-scale trend: It has been observed between
the lowest part of the core, which is very rich in
Taxodium type [a pollen type including the genera
Taxodium (bald cypress) and Glyptostrobus, both
regularly recorded among the Neogene plant
macroremains in Europe], and the upper part
dominated by riparian and hygrophilous taxa
mainly by Carya and Zelkova, but also Salix,
Celtis, Carpinus, Liquidambar, etc. Three zones
of different pollen assemblages can be distin-
guished in the detailed pollen diagram (Fig. 4): the
lowest part (A) is dominated mainly by Taxodium
type; (B) a middle transitional part in which the
abundant of Taxodium type decreases and the
riparian plants increase; and an upper part (C)
characterized by the abundance of the riparian
elements (mainly Carya an Zelkova) and the
scarcity of Taxodium type (Fig. 4).

(2) Meter-scale cyclicity: Repetitive changes in the
vegetation are mainly found within the open
lacustrine deposits of the upper unit (Fig. 5).
Periods characterized by the abundance of ther-
mophilous plants and xerophytes (Caesalpinia-
ceae, Acacia, Bombax, Ephedra, Nitraria, etc.)
alternated with periods dominated by mesother-
mic–riparian (Carya, Zelkova, Celtis, Salix, etc.)
and hygrophilous trees. Pinus, indeterminable
Pinaceae and Botryococcus were abundant in the
former and very scarce in the latter periods.

(3) Centimeter-scale cyclicity: It coincides with the
very fine alternation observed within the anoxic
claystones (i.e., rhythmites). Pollen spectra dem-
onstrate clear differences between light and dark
centimeter-scale laminae. The light, calcareous
and terrigenous layers are richer in Pinus,
indeterminable Pinaceae and Botryococcus than
the dark, organic matter-rich laminae.

5. Discussion

5.1. Flora and vegetation

According to pollen data, numerous Mediterranean
Miocene taxa (mostly identified at the genus level)
present close affinities with present-day species restricted
to: eastern Asia (with Distylium, Engelhardia, Platy-
carya or Eucommia), Central America (mainly Engel-
hardia and Symplocos), tropical Asia, Africa andAmerica
(Alchornea, Bombax, Buxus bahamensis type, Celastra-
ceae, Meliaceae, Iacacinaceae and Arecaceae), as well as
subtropical North Africa (mainly Caesalpiniaceae,Acacia
and Nitraria).

These pollen assemblages denote the juxtaposition
of greatly contrasted environments. The presence of
subdesertic taxa (such as Nitraria, Acacia, Ephedra,
Convolvulaceae and Caesalpiniaceae), which grow con-
ditioned by a long dry season, together with others
demonstrating very high water requirements (like En-
gelhardia, Platycarya, Taxodium type, Sapotaceae and
Myrica), is explained by the significant availability of
a water source on land around the Rubielos de Mora
Lake. This heterogeneity of the vegetation frequently
occurs in perennial lacustrine environments of subtrop-
ical and tropical Africa (e.g., around Tanganyika Lake)
(Castroviejo, 2004) where the year-around water avail-
ability compensates for the lack of precipitation in the
dry seasons.

High abundance and varied nature of fossil pollen taxa
identified in this study allow a reasonable comparisonwith
the organization of the present-day plant ecosystems.
Reconstructions are mainly done by comparing data to the
present-day forest of southeastern China (Wang, 1961),
which is regarded as the closest living analogue for the
Miocene South European flora (Suc, 1984; Axelrod et al.,
1996), and the vegetation in subtropical and tropical Africa
(White, 1983; Audru et al., 1987; Castroviejo, 2004).
Therefore, the vegetation could be grouped into ecolog-
ically different environments which are arranged accord-
ing to the degree of soil humidity at low altitude. In the
Rubielos de Mora area, we can distinguish the following
ecological environments (moving from distant terrestrial
towards more nearshore lacustrine environments):

(1) Open lowlands are characterized by open vegeta-
tion with subdesertic plants such as Nitraria,
Ephedra, Convolvulaceae, Poaceae, Amaratha-
ceae–Chenopodiaceae, Caesalpiniaceae, Acacia,
Alchornea, which are representative of a steppe or
wood-shrub vegetation. Similar modern assem-
blages are present on the Red Sea coasts, on the
shorelines of the Arabian Peninsula, and in North
Africa, etc. (Quézel, 1965; White, 1983; Audru
et al., 1987; Quézel and Médail, 2003).

(2) Evergreen and deciduous mixed forest mainly
composed of Quercus deciduous type, Engelhar-
dia, Platycarya, Pterocarya, Fagus, Distylium,
Hamamelidaceae, Acer, etc.

(3) Evergreen broad-leaved forest, characterized by the
presence of Theaceae, Cyrillaceae–Clethraceae,
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Taxodium type, Bombax, Sapotaceae, Rutaceae,
Moraceae, Iacacinaceae, Simarubaceae, Meliaceae,
Melastomataceae, Arecaceae, Ilex, Hedera, Olea,
Ligustrum, Jasminum, Hamamelidaceae, Rhoipte-
lea, etc. This forest is known as the “Oak-Laurel”
forest in eastern Asia (Wang, 1961) and constitutes
the “palaeo-origin” of the present-day residual
laurel forest in the Canary Islands (Quézel and
Médail, 2003). Within this vegetational belt and on
the lake shores, a riparian plant association has
been identified with Salix, Carya, Zelkova, Alnus,
Liquidambar, Parrotia, Carpinus, Celtis, etc.

(4) An aquatic plant association mainly characterized
by Sparganium–Typha, Thalictrum, Nymphaea-
ceae, Potamogeton, Liliaceae, Ranunculaceae, etc.

The vegetation belts (2), (3) and (4) were azonal and
were only present around the lake. The vegetation which
truly characterized the area during the Early Miocene was
considered subdesertic. This outcome agreeswith previous
data of macrofloras from the Vallès-Penedès basin
(northeast Spain) where several subdesertic taxa of the
family Caesalpiniaceae (Banksia, Caesalpinia, Cassia),
Mimosaceae (Acacia,Mimosa), and Proteaceae (Grevillea,
Protea) have been identified (Sanz de Siria Catalán, 1993).

The riparian azonal vegetation (mostly mesothermic
taxa), which requires water throughout the year, is in most
of the cases, overrepresented in the pollen spectra.
Therefore, if not considered carefully, such overrepresen-
tation can skew climatic interpretations (see Alvarez
Ramis and Fernández Marrón, 1994; Barrón and
Sansisteban, 1999; Roiron et al., 1999), ultimately
contradicting observations from the current study.

The scarcity of the micro- and meso-microthermic
elements (altitude elements) in the pollen spectra
indicate that the area was situated at low altitude and
therefore was not uplifted (presently, Rubielos de Mora
is at about 900 m in altitude).

The floristic changes observed along the core seem to
be related to the geomorphologic–tectonic evolution of
the Rubielos de Mora Basin. The following three stages
of basin development have been identified (Fig. 4).
During the first stage (A), the basin would be
characterized by a shallow fluvio-palustrine environ-
ment, where the abundant fluviatile sediments intercalate
with lignites and palustrine clays. In this kind of
environment, Taxodium type, accompanied by other
typical present-day swampy taxa, such as Myrica,
Cyrillaceae–Clethraceae, etc., were very abundant. The
second stage (B) was a transitional period during which
the basin subsidence and the contained water volume
started to increase, eventually creating a permanent lake.
In this type of deeper aquatic environments, Taxodium
type and the other swampy elements vanished, allowing
the presence of riparian and hygrophilous elements
(Salix, Zelkova, Carya, Carpinus, etc.), which lived
around the lake, to increase. During the third stage (C),
plentiful lacustrine conditions are inferred therefore the
riparian and hygrophilous taxa are overrepresented.

5.2. Meter- and centimeter-scale cyclicity and lake level
variation

Vegetation changes corresponding to the meter-scale
cyclicity are likely related to the effects of periodic lake
level oscillations on the vegetation and pollen sedimen-
tation which, in turn, are controlled by climatic changes
(Fig. 6). The following has been distinguished:

(1) High lake level (laminated mudstones): During this
stage (Fig. 6A) the lake reached its maximum
expansion, allowing the mesothermic–riparian
vegetal formation rich in Carya, Zelkova, Salix
andCeltis, to flourish and, consequently, generate a
dense forest along the lake. Pollen grain sedimen-
tation was mainly through the air as small water
input occurred. Due to the relatively short-range
atmospheric dispersion of pollen over lakes (see
Faegri and Iversen, 1989 and references therein)
pollen grains coming from outside the lake area (in
this case the open subdesertic vegetation) were
most likely poorly recorded. This is further sup-
ported by the fact that the pollen production of the
riparian trees is usually very high (Faegri and
Iversen, 1989). During this high-stand stage of the
lake, rhythmites were deposited. These centimeter-
scale cycles recorded the alternation between short
periods of dry and humid climate conditions.
During the humid periods, there were fluvial inputs
into the lake which transported pollen grains of
Pinus and indeterminable Pinaceae (which are not
hygrophilous) from the exterior, probably from low
altitudes as high altitude trees are very poorly
recorded. These inputs would result in mixing, and
consequently, in more oxygenated lake waters,
conditions in which Botryococcus could flourish
within a short period of time (Guy-Ohlson, 1992,
1998; RodríguezAmenabar andOttone, 2003). Yet,
these Botryococcus colonies found within the
rhythmites developed under stress conditions of
low levels of oxygen. This can be deduced by the
shape of the colonies (Guy-Ohlson, 1992, 1998;
RodríguezAmenabar and Ottone, 2003), as most of
them are almost structureless. During stable phases



Fig. 6. (A) Period of high lake level. Hygrophilous vegetation was very abundant and occupied a large surface. The lake was deep and the waters were
stratified (anoxic bottom). (B) Period of low level of the lake. The lake surface decreased considerably as well as the presence of hygrophilous plants.
Because of high evaporation of the waters, the lake became very shallow and the waters were well oxygenized. There was a greater influence of the
subdesertic vegetation in the pollen spectra.
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of high-stand, the oxygen content in the lake water
decreased, conditions in which Botryococcus were
not able to survive and hence were very scarce. Due
to the temporary absence of fluvial inputs, Pinus
and indeterminable Pinaceae were also very scarce.

(2) Low lake level (massive mudstones): Increasing
evaporation caused the lake level to drop thereby
reducing the riparian vegetation and its aerial
distribution (Fig. 6B). On the contrary, thermoph-
ilous plants from belts outside the lake area were
better represented. This phenomenon was strength-
ened during a sudden fluvial input thereby trans-
porting large amounts of pollen grains into the lake.
These grains, such as Pinus, indeterminable
Pinaceae and great quantities of thermophilous
elements and xerophytes (Caesalpiniaceae, Acacia,
Bombax, Nitraria, etc.), originated from more
distant terrestrial environments. During the low-
stand of the lake and the later fluvial inputs, the
waters were well oxygenated (Anadón et al.,
1988b). Therefore, Botryococcus were very abun-
dant in these sediments.

5.3. Climate

In the global context of the EarlyMiocene, the climate
in the European mid-latitudes was mainly subtropical as
deduced by the low values of the isotopic data (Miller
et al., 1991; Paul et al., 2000; Zachos et al., 2001; Billups
and Schrag, 2002) and paleobotanical–palynological
studies (Bessedik, 1985; Sanz de Siria Catalán, 1993;
Utescher et al., 2000; Roth-Nebelsick et al., 2004;
Jiménez-Moreno et al., 2005). This is supported here by
the abundance of thermophilous elements (mega- and
mega-mesothermic elements) in the pollen spectra and
by the estimated temperature values, based on the
“Climatic Amplitude Method”, in which the most likely
value of mean annual temperatures (Ta) were between 18
and 20 °C (Fig. 7). These values are very similar to those
estimated for north-western Germany by Utescher et al.
(2000) (who applied the coexistence approachmethod of
Mosbrugger and Utescher, 1997) as well as for Vallès-
Penedès basin in northeast Spain by Sanz de Siria
Catalán (1993). The most likely value of mean
temperature of the coldest month (Tc), which plays a
very important role in controlling the vegetation (Quézel
and Médail, 2003), is about 9–16 °C and the most likely
value of mean temperature of the warmest month (Tw) is
around 24–27 °C (Fig. 7). The estimated values vary
widely along the core, however, the mean values are
mostly constant through time.

The presence of several xerophytes in the pollen
spectra (Acacia, Nitraria, Caesalpiniaceae, Ephedra and
Convolvulaceae), and in the macrofloras of surrounding
areas (presence of Proteaceae, Mimosaceae, Caesalpi-
niaceae, etc.) (Sanz de Siria Catalán, 1993), suggests that
the overall climate was very dry and characterized by a
strong seasonality with periods without any precipitation
for 7–9 months (Sanz de Siria Catalán, 1993; this study).
A dry subtropical climate is also in accordance with the
previous climatic interpretations for the Early Miocene
based on fossil mammals (Calvo et al., 1993).

These results show warmer and dryer climatic
conditions than the previous studies carried out in the
Rubielos de Mora Basin (Fernández Marrón and
Alvarez Ramis, 1988; Alvarez Ramis and Fernández



Fig. 7. Reconstructed temperature values of mean annual temperature (Ta in °C), mean annual temperature of the coldest month (Tc in °C) and mean
annual temperature of the warmest month (Tw in °C) based on the pollen spectra of the core Rubielos de Mora-1.
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Marrón, 1994; Barrón and Sansisteban, 1999; Roiron
et al., 1999; Rubio et al., 2003). On the other hand, the
overrepresentation of riparian plants in the pollen
spectra and macrofloras may be taken as indicators of
periodically wetter climatic conditions. Indeed, the
previously estimated mean annual precipitation (Pa) of
900–1700 mm and percentage of humidity (E/PE) of
around 80% (Fig. 7) are not included in this study
because they are not in accordance with values of less
than 500 mm mean annual precipitation suggested by
the pollen record of subdesertic plants identified in this
study. These results reflect in fact, local humid
conditions (humidity in soil and air with fog) and lead
us to believe that a gallery forest was developing along
the lake in this region, where such a type of forest would
normally not develop.

Previous palynological studies have shown that
subdesertic plants already existed in southwestern
Europe and North Africa during the Late Miocene
(Suc and Bessais, 1990; Chikhi, 1992; Bertini et al.,
1998; Bachiri Taoufiq et al., 2001; Fauquette et al.,
2006) and later, during the Pliocene (Suc et al., 1995;
Bessais and Cravatte, 1988; Suc, 1989). In this study, it
is demonstrated that these taxa already occurred in the
southern part of the northern Mediterranean area during
at least the Early Miocene. Modern floras show that
these subdesertic elements grow in North Africa,
including the Sahara Desert (Quézel, 1965). With the
exception of some residual areas (e.g., Ebre region:
Bessais and Cravatte, 1988), the gradual reducing of
most of these subdesertic elements from the northern
Mediterranean area towards the south occurred during
the Late Miocene and Pliocene, and was most likely
due to a climatic cooling and the beginning of an
Atlantic climatic influence (Bessedik, 1985; Suc et al.,
2004).
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6. Conclusions

The pollen analysis of the Rubielos de Mora-1
core (Rubielos de Mora Basin) allowed for a char-
acterization of the vegetation and its structure, paleo-
ecology and climate during the Early Miocene in NE
Spain.

The climate was mainly subtropical, deduced by the
abundance of thermophilous elements in the pollen
spectra and by the estimated values of mean annual
temperatures (Ta) between 18 and 20 °C, based on the
“Climatic Amplitude Method”. The overall climate was
also very dry and would have been characterized by a
strong seasonality, with periods without any precipita-
tion for 7–9 months inferred by the presence of several
xerophytes in the pollen spectra and in the macrofloras
of the surrounding areas.

The pollen assemblages also denote the juxtaposition
of greatly contrasted environments. The presence of
subdesertic taxa, which grow conditioned by a long dry
season, together with others showing very high,
constant water requirements, can be explained by a
significant availability of water source on land around
the Rubielos de Mora Lake. In this situation, the water
availability clearly controlled the vegetation and
compensated for the lack of precipitation in the
summertime.

This pollen analysis allowed for the distinction of
repetitive changes in the vegetation, which coincide
with sedimentological changes. These changes occur on
various scales and are mainly related to climatic cyclical
processes. The floristic changes suggest alternation of
periods of thermophilous–xerophilous-rich vegetation
with others characterized by the abundance of mesother-
mic–riparian plants. The centimeter-scale repetitive
changes in the Rubielos de Mora-1 borehole do not
seem to be related to thermic oscillations but to
seasonality in the precipitation.
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